Once the economic upsurge ended and the crisis settled in, the decisional behaviour regarding research, development and innovation in the public as well as private sectors deflected the upward trend of innovation performance indicators for both Bulgaria and Romania. While the overall innovation index for EU27 kept a positive growth rate, the evolution of the input and output innovation indicators for both countries along 2009 have downgraded their relative position amongst the EU countries. Therefore, in 2010, Bulgaria and Romania were screened out from the "catching-up countries" and moved back in the "modest innovators" cluster, where they have hovered until now.
Introduction
Once the economic upsurge ended and the crisis settled in, the decisional behaviour regarding research, development and innovation in the public as well as private sectors deflected the upward trend of innovation performance indicators for both Bulgaria and Romania. While the overall innovation index for EU27 kept a positive growth rate, the evolution of the input and output innovation indicators for both countries along 2009 have downgraded their relative position amongst the EU countries. Therefore, in 2010, Bulgaria and Romania were screened out from the "catching-up countries" and moved back in the "modest innovators" cluster, where they have hovered until now.
The challenge for the decision makers in Bulgaria and Romania, as well as of the experts is to identify the strategic alternatives that would capitalize on their relative strengths and potential in order to outstrip their current position and to fully benefit from being integral part of the European Research Area. This would also require careful analyses over specific challenges, threats and weaknesses.
Based on various methods of quantitative and qualitative analysis over a wide range of indicators describing aspects of the R&D and innovation performance, the aim of our study is to identify the opportunities for redressing the current trends for both countries with respect to their innovative performance.
We applied models of catching-up analysis and the "sigma convergence" analysis in order to locate Romania and Bulgaria on the European innovation performance map. Resorting to traditional methods of convergence analysis, we addressed the issue of spatial variation and convergence / divergence of the CEEs regarding their research-development and innovation (RDI) systems. Looking into the evolution and magnitude of the main indicators relevant to the RDI system throughout EU and especially in the CEE countries, we also highlighted the relative position and dynamics of Romania and Bulgaria. A particularly important aspect in our endeavour was the assessment of the national absorptive capacity for knowledge and, more specifically, for the results of scientific research.
Following the aforementioned directions of research, we completed our study with conclusions of theoretical as well as practical value, accompanied by recommendations for policy makers.
The R&D and Innovation convergence, an important challenge for Bulgaria and Romania
In the context of the enlarged and restructured framework of targets and challenges spurring from the newly redesigned European Research Area, the Innovation Union flagship and the European research program Horizon 2020-ERA, the close monitoring of the convergence of the research and development systems of the European countries has become an even more important priority, as convergence stands out as a primary prerequisite for a competitive Europe in the global economic landscape. To this end, it has been repeatedly signalled out the necessity for better, adequate methods for measuring the disparities within EU that would also serve to substantiating effective methods for closing the gaps between poor performers and innovation leaders.
The very architecture of the European Research Area, where coordination and communication at EU level through the Open Method of Coordination and enlarged interactions between the former and newer Member States and between the Member States and the European Institutions, where sharing best practices, exchanging experience and learning are important pillars, has entailed considerable increase in similitude and convergence between the countries' national policies on R&D, between priorities set out within national framework R&D programs. (Goschin, Sandu, 2014) .
In order to continuously assess the systemic progress in R&D and Innovation around EU, as well as to monitor the convergent trends, a system of indicators designed in 2000 has been applied and constantly improved and adjusted to new trends and requirements. It measures RD and innovation performance in their most relevant dimensions: input, output, and contribution of the research and development activities to the growth of national and European competitiveness Yet, with respect to actual innovation performance, which is deemed to be the backbone of competitiveness and of sustainable economic growth, the level of convergence and closeness within the EU is far from satisfactory or encouraging. At the end of a decade of endeavors towards convergence, the 2013 Innovation Union Scoreboard, an official document of the European Commission acknowledged not just static convergence, but even disturbances in the innovation convergence process between the Member States (IUS, 2013, p.6) . The advent of the economic crisis might have brought about the dawn of a divergence process within the Innovation Union. The new landmarks of the European Research Area have emerged in the context of this new factor that has undermined the achieved convergence -the aftermath of the economic crisis -which has added to previous determinants, such as economic globalization, communication expansion, accelerated technological progress with associated social impact, etc.
Nevertheless, the next Innovation Union Scoreboard publication concluded, in 2014, that there is evidence for "positive signs in Member States as the innovation performance improves and the catching up process of less innovative countries resumes" (IUS 2014, p.4) . But the growth rates in 2013 as compared to 2006 do not downplay the important discrepancies and gaps among the European Union countries.
It is apparent that, despite higher growth rates in Bulgaria (2.49%) and Romania (1.9%) compared with the average EU 27 growth rate (1.66), the innovation performance gap between each of the two countries and the EU has increased. (Figure 1 This evolution fully justifies the relocation of both countries in the "modest innovators" cluster, together with other member states with a level of innovation performance considerable lower than the EU average. (Fig.  2 (EIS, 2009, p.10) mentioned that Romania had improved its innovative performance more quickly than others EU member states, but warned about the potential harm that the economic crisis may bring forth to the positive trend registered so far.
Considering the Europe 2020 flagship initiative of building an Innovation Union, the name of European Innovation Scoreboard changed in 2010, becoming "Innovation Union Scoreboard". In the 2010 report, the European experts warned that the steady convergence process -where less innovative Member States improve their innovation performance at a higher pace than the highly innovative ones -started to slow down. (IUS 2010, p.4) .
In 2010, Romania changed her status, from a "catching up country" to a "modest innovator " and has kept it along the following years, as revealed by the Innovation Union Scoreboards 2011 Scoreboards , 2012 Scoreboards , 2013 Scoreboards and 2014 Since 2013, it seems that the convergence process of the EU innovation performance "has come to a halt", as the Innovation Union Scoreboard 2013 states (IUS, 2013, p. 6) . Moreover, there are concerns that a process of divergence may have dawned.
In a study published in 2009 (Sandu S, Paun C, 2009 , the authors concluded that, taking into account the tendencies previous to [2005] [2006] , Romania needed about 24 years in pessimistic scenario, 16.6 in optimistic scenario and 19,7 in realistic scenario, for reaching the average level of performance in the field of innovation of the EU. They used the "catching up model" proposed by Nelson and Phelps, which allows for the estimation of the number of years required for Romania in order to reach the EU level of certain indicators relevant for assessing the innovation performance.
Various factors are responsible for this unfavorable evolution. Some of them are common to Romania and Bulgaria, as countries with former centralized R&D research systems, others derived from the specific particularities of restructuring and development of R&D and innovation systems after 1990. Thus, there are many apparent similarities but, also, significant differences between Romania and Bulgaria. The economic crisis has impacted in different ways these two countries, mainly regarding the investments in R&D sector. Both countries present a significantly lower R&D intensity compared with the EU average (2.02%) in 2013-measured as the share of expenditure for R&D in GDP. Yet, the figures for Romania (0.39%) are way below Bulgarian values (0.65%) and the gap between the two countries had increased along the previous three years (2009) (2010) (2011) (2012) . (Figure 3) Source: Eurostat database Another important difference between Romania and Bulgaria is related to the distribution of the R&D expenditure by the performance sector (Figure 4 ). In Bulgaria, according to Eurostat data, despite the upward trend of the share of GERD in GDP, from 0.44% in 2007 to 0.65% in 2013, the intensity of the R&D in public sector decreased from 0.32% in 2007, down to 0.25% in 2013, while the level of the private sector expenditure steeply increased from 0.14% of GDP to 0.40% along the same period.
Romania registered a mirror evolution. As the share of gross expenditure for R&D in GDP decreased from 0.57% in 2008 -the peak value for 2005-2013 -to 0.39% in 2013, the financial resources of the business sector for R&D also decreased from 0.17% (2008) to 0.l2% of GDP (2013), while the public funding decreased from 0.30% of GDP to 0.27% of GDP.
In terms of shares, the contribution of the public funding to the total expenditure for R&D increased from 57.7% to 69.2% while the correspondent share of the private sector funding decreased from 42.3% to 30.8%. On the contrary, in Bulgaria, the contribution of the private sector funding to R&D has converged towards the EU28 (63.9% in 2013), as it increased from 31.8% (lower than Romanian level) in 2007 up to 61.5% in 2013.
Source: Eurostat database Some of the causes of this situation are outlined in two recent reports of Deloitte (Deloitte, 2014 a, b) following the surveys conducted in Romania and Bulgaria on companies active in R&D. According to the findings, Romanian companies have understood R&D as bringing "significant changes or improvements" to existing products, processes and services (79% of respondents) rather than development of the new ones (68%). The necessity of cooperation in research projects for new products and services is acknowledged by less than half of the interviewed companies (46%). The cooperation with third parties through acquisition of R&D services, intellectual property rights or know-how is considered an integral part of R&D activity by only 21% of the respondents; also, only 25 % from the private companies in the sample have recognized the role of the research and development activity for finding a critical solution for the market. 19% of the companies have admitted the lack of an R&D policy. The R&D policy of the companies that acknowledged to have one (81%), it comprises mostly a policy of intellectual property protection (a score of 2.50 out of maximum of 3 on importance scale) and a policy of recruiting and keeping of the valuable human capital (score of 2.58) through long-term career opportunities, and proper and performance organizational culture (Deloitte, 2014a) In Bulgaria, the figures are slightly differently with respect to R&D understanding. About the same percentage of the surveyed Bulgarian companies (67%) perceive R&D as an activity contributing to the development of new products, processes and services, while 53% integrate the introduction of new product and technologies in the R&D process. Collaboration in developing new products, as an important facet of R&D is acknowledged by only 27% of respondents. Purchasing R&D results and developing important-to-market solutions or breakthroughs are perceived as part of R&D effort only by 13% and, respectively, 20% of the surveyed companies.
All the companies included in the two Deloitte surveys, affirmed to have invested in R&D along the 2013 year but the share of these investments have been very different. In Bulgaria, more than 50% of companies indicated a higher than 5% percentage of their yearly turnover. More than 40% have allotted more than 10% to R&D and 20%, between 5-10%; 13% of the companies spent less than 3% on research and development. In Romania, only 3% of the respondents invested more than 40% from their turnover in R&D and 32% less than 1% (tabel no.1). Sources: Deloitte, 2014 a,b The European funds for R&D represent an important resource for R&D entities from both countries and, consequently, an important pillar for improving research and development capacities and, also, for higher innovation performance. In this respect, it is important to mention the success rate of the European Funds absorption in the Framework Program Seven. While, in Bulgaria, the overall success rate of the applications to FP7 between 2007 and 2012 was of 10.3%, in Romania, the same indicator presented a somewhat lower figure, of 8.5%. Nevertheless, these rates are half in comparison with those of the most developed Member States, such as France-24.1%, Netherlands-23.5%), Belgium-23.2%, Germany-23.1%, Denmark-22.6%, Austria -20.5% and the UK-20.2% (European Commission, 2013) . The success rate in Social Sciences and Humanities is, also, higher in Bulgaria than in Romania. To a considerable extent, the stock of knowledge and results of the scientific research activity that may be absorbed and capitalized upon by the business sector, comes from universities, from research units within public or private research institutes and the firms' laboratories. With respect to the so-called "academy-industry relations", the two countries differ in both attitude and practice (Table 2) . Source: Eurostat database, CIS 2012
The role of knowledge creation and transfer that universities are to assume -as research hubs -is more and more important. Nevertheless, despite a great and valuable potential, turning their research results into profit and higher competitiveness within the business sector is a difficult task, as they are rarely directly oriented towards particular users. Public research institutes and universities can generate knowledge that has to be passed on to potential users through mechanisms and intermediaries as technology brokers, technology transfer centres, incubators and so on. This transfer system would facilitate the flow and capitalization of the patents, licences, and the creation of spin-outs or spin -off and collaborative networks between industry and research, etc.
Therefore, the effective value of the research results obtained in the high-education sector or public / private research institutes is contingent on the capacity of the potential receptors to acknowledge, assess, assimilate and exploit them (Abreu et al, 2010) . At the same time, the relationship between research and industry is itself a creator and potentiate of absorptive capacity. Empirical research argues that the absorptive capacity of the company is directly correlated to the intensity of linkages with the research units.
Among the main important factors that determine the capacity to absorb research results coming from universities and research institutes, we would mention, on one hand, the elements intrinsic to the potential receptor: relevance and utility of various sources of information and knowledge for the companies (table 3) ; human resources prepared and instructed to detect potentially valuable knowledge in the outer and inner environment, to assess, attract, process and to internalize it for higher gains in profit and competitiveness; internal logistic ; investment in research units inside the company, etc. According to the literature (Schmidt, 2010), the absorptive capacity of a company depends on the intensity of its own research and development activity, the stock of priori related knowledge (given the cumulative nature of the absorptive capacity expressed through the level of education and training of the firm employees), the organizational structure and the human resources management .
On the other hand, the absorptive capacity is closely conditioned by the institutions and mechanisms of knowledge transfer that may smooth the cooperation between the research sector and industry (Abreu et al, 2010) : technological platforms, clusters, incubators, scientific knowledge transfer networks, partnerships between universities, public research units and potential users. These are the mediators, the support institutions aiming at facilitating the collaboration between knowledge providers and the users, at stimulating the receptivity and the absorptive capacity of the business sector, etc. All these factors determined the options of the innovative companies from Bulgaria and Romania for different collaboration partners in R&D. The data from the last Community Innovation Survey published by EUROSTAT reveals that, in both countries, companies are less involved in collaboration in comparison with the EU average and, also, that overall the rate of cooperation of the Romanian companies is higher than of Bulgarian companies (table 4). 
Main factors of the innovation performance in Bulgaria and Romania
For a more detailed analysis of the similarities and differences between Bulgaria and Romania regarding the determinants that influence the innovative performance, based on the Innovation Union Scoreboard 2014, we would shortly analyses the main groups of influential factors: Enablers, Firm activities and Outputs.
The Enablers cluster of factors contains the main drivers of innovative performance external to the firm. It sums up three important dimensions related to human resources, that measures the availability of high-skilled and educated workforce; to the quality, functionality, competitiveness and international attractiveness of the national R&D system and its the science base; and to finance and support mechanisms and instruments, expressing the availability of finance for innovation projects and the support of governments for research and innovation activities. The cluster "Firm activities" integrates the indicators expressing the innovation efforts at the company level: investments, both R&D and non-R&D, potential generators of innovations at the firm level; the entrepreneurial and collaboration efforts of the firm together with other innovative firms and the public sector; various forms of Intellectual Property Rights (IPR) which can trigger impetus to the innovation process.
The "Outputs" cluster captures the effects of the firms' innovation activities and comprises two innovation dimensions: "Innovators" which measures the number of firms that have introduced innovations onto the market or within their organizations, covering both technological innovation and non-technological innovations, and the presence of the firms with high rate of growth. The indicators regarding "Economic effects" are referring to the economic success of innovation in the employment, the exports and sales of innovative products. According to Innovation Union Scoreboards 2014, each cluster mentioned above is disaggregated on some specific factors which influence the innovation performance of a country.
Source: Innovation Union Scoreboard, 2014, p. 8 The table no. 5 presents the score per each dimension for Bulgaria and Romania, compared with EU28 average. Each of these clusters is composed by some specific indicators, statistically aggregated. Source: IUS, 2014, p.93 There are significant differences between the two countries with respect to the scores that Romania and Bulgaria receive for most of the groups of factors determining the innovation performance. Yet, significant discrepancies are evident especially in the openness, excellence and attractiveness of the research systems, linkages and entrepreneurship, intellectual assets (Table no 6). From among the indicators that compose each class of factors mentioned above, we selected, for each country, those determinants that may buttress the convergence of the innovation performance level to the EU average. We considered them as relative strengths that could contribute, in the future, to the attenuation of the gaps between each of the two countries and the EU average. (Table 7) In both, Romania and Bulgaria, policy makers in the R&D and innovation field should consider finding solutions to increase the openness and attractiveness of their innovation systems, developing entrepreneurship at SMEs level. Another important target is to strengthen the linkages between the business sector and external providers of innovative products and technologies, taking into account that the possibilities of domestic companies for in-house R&D are limited. Source: Authors' opinion based on information from IUS 2014 Considering the allotment of R&D funding towards various fields of science, it is apparent that both countries have gained some degree of R&D specialization and have built relative strengths in certain research areas, which should be taken into account in R&D strategy designing. As we can see from the figure no.7 , while a large share of all expenditure for the R&D activity in Romania has been assigned to engineering and technology (about 53% of GERD and 0.24% of GDP), about half of the R&D funding in Bulgaria is allocated to medical and health sciences (45% of GERD and 0.27% of GDP) Source: Eurostat database Taking into account that two scientific area, namely "Engineering and Technology" and "Medical and Health Sciences" receive considerable interest in both countries, Romania and Bulgaria may mutually capitalize on each other's strengths and collaborate towards further developing their R&D and innovation capacities and performance.
The "Sigma Convergence" method applied for assessing the gap in R&D between former and newer EU countries
The literature presents various methods for analyzing tendencies in the amplitude of R&D inequalities, in convergence. "Sigma convergence", introduced by Barro and Sala-i-Martin in 1995, describes a process of abatement of the dispersion of the variable at stake, given cross-sectional data. If less developed countries present higher growth rates than the more developed ones, the process is called "Beta convergence". Sigma convergence is usually measured with the coefficient of territorial variation. For each t year, it is computed as the standard deviation of the variable y under consideration, divided by its mean value: Rejecting the null hypothesis confirms the existence of a convergence process, while the opposite is an argument for divergence (Drennan, 2004) . We are also going to use a second stationarity test, namely the DF-GLS test (Elliott et al., 1996) which is a stronger version of ADF and applies the method of generalized least squares (GLS).
According to Barro and Sala-i-Martin (1995) classical indicator, we consider that there is sigma convergence in the EU research and development system if the coefficient of variation for the relevant R&D variables analyzed in a perspective decreases over time.
Source: processed by authors based on Eurostat data The annual values computed for the coefficient of variation (sigma) based on the level of Summary Innovation Index indicate a significant declining trend over the period [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] (Figure 8 ) suggesting a process of convergence in R&D. Considering the sizeable heterogeneity that exists within the EU-28 and candidate countries and the subsequent loss of statistical significance in the results, we further defined two groups of countries that are likely to be more homogenous: -old EU member countries: Belgium, Denmark, Germany, Ireland, Greece, Spain, France, Italy, Netherlands, Austria, Portugal, Finland, Sweden, United Kingdom; -new EU member countries: Bulgaria, Croatia, Czech Republic, Estonia, Latvia, Lithuania, Hungary, Poland, Romania, Slovenia, Slovakia.
As expected, there are important differences between the two groups of countries in terms of both sigma coefficient levels and their trend. R&D systems are more homogenous across old EU member countries, as the dispersion of Summary Innovation Index values is relatively moderate and tends to decline, levelling at about 0.21 in the last few years, while the new EU members are more diverse in their R&D potential and performance and the distance between them increased following the recent economic crisis that impacted strongly (but unevenly) their R&D funding. For instance, the crisis changed the investment behaviour and diminished companies' propensity for credits. Companies' investments dedicated to innovation projects in 2011 were founded from internal rather than external sources (Eurobarometer, 2013) . In sum, only old EU countries converge, while the new members seem to diverge in terms of the research and development activity as captured by Summary Innovation Index. In order to test the existence of a systematic trend of convergence/divergence for the different groups of countries, we further used Augmented Dickey -Fuller (ADF) and DF-GLS 8tests. The results (Table 9 ) confirm the convergence trend for both EU-28 and candidate countries and old EU members, while new EU countries diverge. Given the rather small sample size the results from the tests may not be entirely accurate. MacKinnon (1996) one-sided p-values.
It is important to highlight that the Summary Innovation Index is a composite indicator that hides important inequalities between the countries as regards the groups of indicators (the eight innovation dimensions), as well as the underlying individual indicators. Consequently, we further calculated the sigma coefficient for each innovation dimension, annually. The results (Figure 9 ) reveal that, despite the overall downturn trend in R&D dispersion (i.e. convergence trend), there are also divergence trends, especially in Finance and support dimension, since 2011.
Source: processed by authors based on Eurostat data Fig. 10 . Sigma convergence/divergence trend among EU-28 and candidate countries for the eight innovation dimensions of the Summary Innovation Index (SII), 2006-2013. Since results for the whole group of EU-28 and candidate countries can be misleading due to significant heterogeneity, we further performed separate analyses for old and new EU countries (Table 9 ). It is noteworthy that significant differences still persist within the two groups of EU members, but their amplitude is however considerably smaller. Old EU countries display significant lower dispersion than new EU members in all innovation dimensions, except for Human resources. The differences between the two country groups are very marked in the case of Linkages & entrepreneurship and Innovators (dispersion was more than double for the new members in 2013), as well as for Research systems and Intellectual assets. Source: processed by authors based on Eurostat data Important differences between the two groups of countries also emerge as regards the trend of the sigma coefficients (Figures 11 and 12 ). The group of developed EU countries display a stable downturn trend in sigma values, indicating persistent convergence (Figure 11 ). One notable exception is Firm investments that reversed the declining trend in 2010, in the context of the economic crisis that hit the national R&D systems with different intensity, depending on the specific R&D policies of the countries.
Source: processed by authors based on Eurostat data The new EU members provide more diverse results (Figure 11 ). Differences among them are rather moderate and rapidly declining as concerns Human resources, but high for all other innovation dimensions, reaching values above 0.5 for Linkages & entrepreneurship, Innovators, Intellectual assets, Firm investments and Research systems. Moreover, many innovation dimensions display a pronounced rising trend indicating that a divergence process is taking place.
In conclusion there are many differences and divides between old and new member states in the R&D area. These inequalities arise from the larger economic environment. There are specific socio-economic characteristics which influence the innovative capacity and performance in each group.
Old EU countries represent developed, mature economies, owing important economic resources and being more stable, more resilient to shocks such as the recent crisis. They already achieved a certain level of convergence and therefore display lower dispersion than new EU members in all innovation dimensions.
Source: processed by authors based on Eurostat data On the other side, the new EU countries are former socialist countries that have only recently concluded the transition to the market economy, and the painful transformations in their economies left many unsolved problems, including a weak and poorly funded research system. Publicly funded research declined sharply in these countries, while most private companies were either not able or not interested to perform research activities. FDIs in new member countries were rather medium and low-technology level rarely provided significant technical progress. Therefore, the R&D systems of these countries are less efficient and more vulnerable to economic crises.
Absorption Capacity for knowledge as an important factor of innovation convergence. Evaluations for Romania and CEE countries
While learning and knowledge absorption occur at firm level, the performance of individual companies, their success or failure take place within an entire system (Narula, 2004) of interconnections and interdependencies between firms in the same sectors or intersectorial, between firms and other non-business institutions that could facilitate or hinder knowledge absorption. At the same time, companies experience knowledge-flows from the international stock of knowledge that could be assimilated only if the home country has an adequate national absorptive capacity. Therefore, the interlacing between firm level and national level AC is evident. Given the weave of interdependencies and interactions, the national absorptive capacity is certainly not the mere sum of the AC of the national firms and industries of the national economy.
At the company level, the literature provides means to directly measure the absorptive capacity. Murovec and Prodan (2009) test the main determinants in a cross-sectional set of longitudinal data, differentiating between demand-pull and science-push absorptive capacity and concluding that the AC depends mostly on the internal R&D, the intensity of personnel training, cooperation in innovation and attitude toward change. Both types of AC are significantly and positively correlated with product and process innovation output. The main springs of knowledge are either national, such as the stock of knowledge in the domestic business sector and research sector, or extra-national, such as foreign suppliers and customers, foreign research entities (universities, public research institutes). What turns the potential AC into effective AC are environmental factors: the industrial policy, the intellectual property policy, the competition policy, the public financial support, education funding, etc (Duchek S, 2013) Narula (2004) approaches the national absorptive capacity as a systemic feature of an economy that goes beyond the sum of the AC at firm / industry level, but integrates other multiplicative effects with significant impact at the national level. In the author's conceptual perspective, the national absorption capacity is "the ability to search and select the most appropriate technology to be assimilated from existing ones available, as well as the activities associated with creating new knowledge. Absorption capacity also reflects the ability of a country to integrate the existing and exploitable resources-technological opportunities-into the production chain, and the foresight to anticipate potential and relevant technological trajectories. The international technological environment therefore affects this ability" (Narula, 2004) The national AC is modelled as a function of the technological gap between the given country and the frontier, defined as the difference in knowledge stock at the country level and at the frontier.
Beside this complex network, at macroeconomic level, there are specific determinants for the national absorptive capacity, such as the multiplicative effects, the R&D spillovers, and the national potential for highly educated workforce. We would also mention some of the systemic and institutional elements (Criscuolo and Narula, 2002) that facilitate absorption and support the national absorptive capacity: the level of development and functionality of the national research and development system, the existence and effectiveness of the institutional intermediates for knowledge transfer that support interactions between companies, and between the different elements of the national RDI system, the effectiveness and coverage of policy instruments stimulating AC.
The estimation of the variation among the EU member states is based on a composite indicator integrating the main categories of determinants of AC at the national level. The main advantage of employing a multicriterial synthetic indicator stands in its relevance and complexity, as it incorporates qualitative and quantitative dimensions (Mitrut et al, 2010) .
We identified four main categories of factors, for which we selected the most relevant indicators available in data provided by Eurostat and Innovation Union Scoreboard:
(1) The capacity for scientific knowledge generation; (2) The effective capacity of the business sector to absorb and assimilate scientific knowledge (3) The openness of the business sector towards cooperation with knowledge providers (4) The Public support for scientific knowledge growth The pre-existent considerations that guided the indicator selection process refer to:
(1) The process of scientific knowledge absorption depends, to a large extent, on the quality, timeliness and relevance of the research output generated by knowledge providers (RDI institutes, university centers, business sector research units, etc) (2) On the other hand, the absorption of knowledge is largely contingent on the ability of the potential receiver to identify, understand, asses the available knowledge with economic potential and to turn it into commercial value. This, in turn, depends on the education level of the company personnel, their specialized competences and the national research potential (3) Thirdly, another critical ingredient in high absorptive capacity is the intensity and effectiveness of the linkages between the various actors of the National Innovation System, as well as the level and effectiveness of the public support for RDI, for knowledge creation and transfer For the dimension of knowledge creation process, which involves specific inputs and outputs, we selected human resources (the share of the R&D personnel in total employment) and financial resources (GERD) as most relevant input indicators; and the "share of scientific publications among the top 10% most cited publications worldwide", "the number of international scientific co-publications per million population" and "the number of patent applications" for output indicators.
BERD as percentage of GDP, the R&D personnel employed in the business sector as a share of total employment, the volume of highly educated human resources available and effectively employed in S&T, the share of persons with tertiary education attainment and the share of PhD students and graduates were selected as indicators to express the effective capacity of the business sector to absorb and assimilate scientific knowledge. The indicators referring to the HR involved in R&D were considered to reflect the interface between the company and the scientific knowledge producers, the potential knowledge receptors at the level of the knowledge user.
As the cooperation between the knowledge users in the business sector and knowledge providers is the main element that stimulates and ensures absorptive capacity as well as intensive and valuable knowledge absorption, we selected indicators that estimate the incidence of innovative enterprises cooperating with third parties and, especially, with public research institutes and universities: the share of companies cooperating with public research institutes and universities; Business expenditure allotted to R&D performed in public research labs and institutes, public-private cooperation in publishing. These indicators suggest, also, the reliability that the public sector research units managed to achieve -an important determinant for the AC.
The public support for improving the national absorption capacity involves providing the necessary legislative and financial background, so necessary for high-quality and relevant new scientific knowledge, for high capacity of absorption and for good relationships between knowledge providers and knowledge users. The selected variables include 'the public expenditure assigned to R&D (GBOARD) as a share of GDP", "the share of R&D performed in private sector with public funding in total private R&D activities", "the share of enterprises that received any public funding", "total public expenditure for tertiary education, as % of GDP".
The final composite indicator aggregates the weighted four synthetic group indicators. The heterogeneity of the included 21 variables was addressed through the min-max method of normalization, which standardize the variation range between 0-1 for each variable, no matter regardless of specific measures or scales. The normalized values for each indicator respect the formulae: The weights of each sub-group indicator and group indices have been allotted based on the authors' expertise and the review of the available literature. Thus, the first category of factors was assigned a coefficient of 0.2. The second group of variables that are meant to express the effective capacity of the business sector to absorb and assimilate scientific knowledge received a coefficient of 0.3, while the coefficients for the last two groups are 0.35 (the openness and propensity of the business sector towards cooperation with knowledge providers) and, respectively, 0.15 for the public financial and legal support.
The normalized values were calculated for each factor. The composite index of R&D absorptive capacity was computed based on the weighted group indicators value, for each year between 2005 and 2011. The countries included are the new EU members of CEE, that is Bulgaria, the Czech Republic, Estonia, Croatia, Latvia, Lithuania, Hungary, Poland, Romania, Slovenia and Slovakia (see Table no The values vary between 0 and 1 and represent the position of each statistical unit relative to the minimum and maximum of the statistical sample, reflecting the national specific with respect to the knowledge creation capacity, the available and employed human and financial resources, the functionality of the knowledge transfer system and the effectiveness and consistence of the public support for R&D and R&D results absorption.
The unfavorable positions of the national absorptive capacity index for both Romania and Bulgaria, as compared to other CEE countries, explaining the relative poor innovation performance and technological development pace, are the consequence of the low propensity of the business sector to innovate and cooperate for innovation. The ability of the private sector to identify, attract and assimilate relevant scientific knowledge is rather modest. According to the data provided by CIS 2012 (eurostat database), only 24.5% of the Romanian product/process innovative enterprises are engaged in in-house R&D activities and only 19.4% introduce innovation to the market, while 68.7% are engaged in acquisition of machinery, equipment and software. In Bulgaria, 10.5% of the innovative companies conduct in-house R&D and 26.4% introduce innovation to the market, while 66.3% are engaged in acquisition of machinery, equipment and software. The expenditure for the acquisition of external knowledge or machinery, equipment and software doubled the expenditure for in-house R&D in Romania and the ratio between expenditures for acquisition of external knowledge and machinery on one hand, and for in-house R&D on the other is 2.4 in Bulgaria. Yet, about 39% of Bulgarian innovative enterprises are engaged in training for innovation activities, while in Romania, this figure is considerably lower (24.4%)
Innovative companies are also less interested in cooperating with others, with consequences over their ability to detect potentially valuable knowledge, to attract and to harness it. Thus, in Romania, only 24.4% of the innovative firms are engaged in any type of cooperation. Regarding the scientific research results providers, consultants and commercial labs seem to be the most attractive (8.6% of the companies cooperate with them) followed by public or private research institutes (7.6% of the companies are engaged in cooperation with this type of knowledge providers) while only 4.9% of the innovative enterprises considered collaborating with universities and other HEI. In Bulgaria, these figures are significantly lower. The visibility and attractiveness of scientific research units to the business sector is, yet, relatively higher in Romania than many other EU member states. According to the figures for the share of innovative companies that do not use information from HEI, public or private research institutes or from scientific publications, Romania is ranked among the first 11 countries where these figures are the lowest. Bulgaria is ranked the 20th / 21st. Moreover, 18.2% of innovative enterprises use information from public or private research institutes, 23.2% avail themselves of the information provided in scientific publications, and 20% are aware of and use the information from higher education institutes and universities.
The composite index of the national R&D absorptive capacity in Romania and the synthetic indices for its four main dimensions are displayed in table no Source: authors' processing As far as Romania is concerned, it is evident that the absorptive capacity has decreased between 2005 and 2011, the value in 2011 being by 17.5% lower than in 2005. Since 2008, the ability to absorb knowledge has dramatically diminished, reaching 60% of the 2008 value in 2010. Some slight increase is evident in 2011. This downward dynamic is mainly due to the negative evolution of the factors in the first category which expresses the synthetic knowledge creation capacity (through indicators of inputs and outputs of the R&D). Substantial reduction in public funding, representing the main source of R&D funding in Romania, led to declining human resources and R&D results, such as patents.
While the composite index of R&D AC and the first two groups have registered unfavourable evolutions, the last two categories (the relation between scientific knowledge producers and users and the public support for scientific knowledge growth) slightly increased between 2005-2011. Results of the studies show that a high percentage of those employed in research and development activities in the organization and costs for these activities are important factors for the absorption capacity of the company. While the correlation between the number of employees in the CD and absorption capacity is positive, with a significant correlation coefficient, R & D intensity, measured by the volume of expenditure on research and development, as seen in some empirical analyzes relevant indicator for the CA not confirmed a significant impact on absorption capacity.
The cumulative process of the absorption capacity building can be derived, also, from another determinant of it: the level of education of employees. As the employees have a higher level of education and skills, their ability to assimilate and exploit new technological or scientific knowledge is greater.
Absorptive capacity of an organization is not equivalent to the sum of the individual capacities of its employees. Various authors (Valentim L. et al, 2015) argued that efficient organization of the process of knowledge transfer between departments, functions and individuals (who depend on the organization as a whole, culture, organizational structure, organizational behavior) have a positive impact on level of absorptive capacity of an organization.
In this context, human resource management (interdepartmental structures, job rotation, participatory involvement of employees, encouraging them to get information, tools and training reward, etc.) can facilitate the flow of knowledge within the organization. These individual actions lead to increased absorption capacity and therefore absorption capacity throughout the organization. The transfer of knowledge within a group with a stable social structure, such as that conferred by repeated interactions between partners in R & D and innovation is more refined, silent, comprehensive and effective than it would be in the context of market transactions scientific or technical knowledge or capitalization of externalities.
The availability of an organization for open innovation is expressed through links to external researchers willing to support the company in identifying and incorporating research results beyond. Social networks and informal interactions is an important means for the exchange of knowledge resulting from the research, and also for the development of absorptive capacity.
Conclusions
From a theoretical perspective, as well as from analyzing the responses from the Romanian economic entities, we can say that budgets are management tools whose use contributes to the improvement of performance. But statistically speaking, the link between budgets and performance has not been validated through the economic model developed. Performance variation can be explained mostly by changes in other determinants such as income and expenses of the entity, when is measured by profit. However, we believe that the use of budgets, although their not condition the obtaining of performance, can help to its improvement. Budgets can explain 27% of the variation in performance. So the budgeting activity influences performance, although not to a significant extent. However, in economic entities, where performance is a way of survival and a key objective, any instrument, method or means which contributes to performance improvement should be taken into account. And budgets help entities in achieving their objectives, are useful in resources and business management, for leadership and employee motivation, may increase individual performance and they allow the implementation of an effective control, which helps the management to take decisions and relevant measures for activity improvement. Therefore, we believe budgets are useful tools in the activity of economic entities that contribute to superior performance.
